Liquidity risk management is today a major focus for regulators, due to increasing complexity of financial markets and concerns related to inadequate identification and managing liquidity risk, exacerbated by the financial crisis. Because the financial market is increasingly interconnected, a liquidity shortfall at a single institution can have system-wide consequences.
Introduction
The recent crisis has made it clear that liquidity plays a key role in the operation of financial markets. Banks ran into trouble when they failed to handle liquidity correctly. They relied excessively on short-term funding, depended on other financial institutions for funding, and jeopardized their proper functioning by possessing inadequate levels of liquid assets in funding crises. The financial crisis of 2007-2008 is a good example of how quickly liquidity can disappear and how long the illiquidity period can last. It shows that it is crucial for institutions to be able to manage liquidity risk effectively. Furthermore, it shows that in the business community, all contributors are closely interconnected and any occurrence can impact on the economic system as a whole. Liquidity risk management is of enormous importance in this scenario.
According to the Fundamental Principles for the management and supervision of liquidity risk (BCBS, 2008) liquidity is the "ability of a bank to fund increases in assets and meet obligations as they come due, without incurring unacceptable losses". Liquidity risk management is extremely important not only for a single institution, but also for the whole system, since the consequences of liquidity shortage can be acutely felt on both levels as a chain reaction from a single institution to the system as a whole. Banks are therefore responsible for sound management of liquidity risk aiming at preserving an adequate level of liquidity, cushioning unencumbered high quality liquid assets, as well as being prepared to meet a range of stress events, possible losses or impairments of funding sources. During the last 10 years the complexity and management of liquidity risk has been further increased by financial market developments. The Basel III framework "aims to improve the banking sector"s ability to absorb shocks arising from financial and economic stress, thus reducing the risk of spillover from the financial sector to the real economy" (BCBS, 2011) .
an adequate response to changing business conditions, and to improve the risk tolerance of the bank. On the basis of updated information, the Board of Directors approves a strategy and liquidity management policy. The main factors in performance evaluation are the bank"s business and product mix, balance sheet structure and cash flow profiles for all types of obligations. Bank liquidity requirements, and the necessary sources of liquidity vary. The bank should therefore evaluate each item on this list, as well as all possible potential losses, in order to be well-prepared for any negative effect on liquidity.
The remainder of this chapter is organized as follows. Section 1 introduces the concepts and the study's main arguments. Section 2 provides a brief literature review on the subject. Section 3 discusses challenges to liquidity risk management in banking. Section 4 discusses the research methodology and introduces a number of actions (maneuvers) that can be performed to improve a bank"s liquidity risk management capabilities. Section 5 presents the research findings and results. Applying the simulation-based approach to decision making, the results of sensitivity analysis determine the impact of actions on liquidity measurement ratios. Conclusions follow in Section 5. Appendix 1 explains the construction of the stylized bank sheet and its calibration through optimization problems. The Required stable funding (RSF) and Available stable funding (ASF) factors and categories are outlined in Appendix 2.
Literature Review
The International Regulatory Framework For Banks (Basel III) introduces new LCR and NSFR standards. These two new liquidity ratios -the short-term Liquidity Coverage Ratio (LCR) and the longer-term Net Stable Funding Ratio (NSFR) -respond to the need for banks to increase their high-quality liquid assets and obtain more stable sources of funding, while requiring that they adhere to sound principles of liquidity risk management.
One of the two standards introduced by Basel III is a 30-day Liquidity Coverage Ratio (LCR) which is intended to promote short-term resilience to potential liquidity disruptions. The LCR has been designed to require global banks to have sufficient high-quality liquid assets to withstand a stressed 30-day funding scenario specified by supervisors. The LCR numerator consists of a stock of unencumbered, high-quality liquid assets that must be available to cover any net outflow, while the denominator is comprised of cash outflows less cash inflows (subject to a cap at 75% of outflows) that are expected to occur in a severe stress scenario. The LCR was revised by the Committee in January 2013 and came into effect on 1 January 2015. The LCR has been mandatory, on a consolidated basis, from October 2015 (i.e.: at 60%) and the phase-in period will finish by January 2018 (BCBS, 2013; BCBS, 2014a) .
European Banking Authority crucial contributes in evaluation the liquidity risk profile and the performance of the institutions in the EU banking sector in relation to the LCR regulation (EBA, 2013; EBA, 2014a) . The EBA has a mandate related to liquidity risk from the Capital Requirements Regulation (CRR).
The second standard introduced by Basel III is the Net Stable Funding Ratio (NSFR), a longer-term structural ratio to address liquidity mismatches and provide incentives for banks to use stable sources to fund their activities. NSFR is calculated as the ratio between the amount of available funding (liabilities and equity) and required funding (to fund the assets) over a one-year horizon (i.e. balance sheet perspective). The NSFR is also required to be equal to or above 100%. Stable funding for the purposes of NSFR calculation is defined as those types of equity and liabilities expected to be reliable sources of the funds under an extended stress scenario of one year.
The EBA report on Net Stable Funding Requirements under Article 510 of the CRR (EBA, 2015) analyzes the impact of introducing a stable funding requirement on the business and risk profiles of institutions and calibration of the Net Stable funding Ratio.
Ryan N. Banerjee and Hitoshi Mi (BIS, 2014) examine the impact of liquidity regulation on banks, in particular investigates how banks responded to tighter liquidity regulation in the United Kingdom. The results suggest that when the new more stringent liquidity regulation was introduced in the United Kingdom, it was a constraint on the composition of banks" assets and liabilities. The calibration of the high quality liquid assets to total assets was compensate by reduction in the share of short-term financial loans, meanwhile increased funding from more stable non-bank and non-financial corporation deposits and decreased their reliance on less stable short-term wholesale and non-UK funding.
The NSFR is currently subject to an observation and review by BCBS (Basel Committee on Banking Supervision), but it remains the Committee"s intention that the NSFR will become a minimum standard by 1 January 2018. (BCBS, 2010; BCBS, 2014b 
Challenges to Liquidity Risk Management
The financial crisis and previous requirements specified by Basel II led to comprehensive initiatives to improve capital and liquidity management becoming a frequent response by banks in the current market.
For an adequate and reasonable response to the challenges posed by Basel III, banks are required to firstly, improve capital efficiency and then correct suboptimal practical approaches to liquidity-management. In general, the measures and their potential effects vary between different banks, as their initial asset composition differs too.
The changes introduced by Basel III give banks the opportunity to change the structure of their business portfolios. A bank which has undertaken a number of necessary measures may later benefit from these changes as an important strategic advantage. Analysis needs to be carried out at all levels of bank management, and only when it has been completed should the structure of the business portfolio be finalised. It may be that the portfolio includes businesses with models with problematic fallout. Analysis should include an examination of the impact on each segment and product made by new capital, liquidity, funding and leverage requirements.
It is important to highlight that banks should redesign products in order to meet client needs and at the same time optimize capital and liquidity. For example, transaction accounts can also comprise investment capabilities. But under the new Basel III dispositions, transaction accounts receive beneficial treatment in terms of NSFR.
Banks may offer retail mortgages with interest paid on the net amount of outstanding credit and deposit. Here the bank is placing on the market a new integrated product that combines both financing and deposits. In addition, to attract stable funding, the bank can make other special offers such as deposits for retail businesses, as well as for other small and midsize businesses. In order to reduce funding costs, the bank should increase the share of short-maturity lending. This could be achieved by reducing the proportion of corporate mortgages, replacing them with revolving loans.
Impact of Managers' Decisions on Liquidity Measurement-Sensitivity Analysis

The Levers to Streamline the Ratio of Liquidity LCR
The goal of the banking groups is not only to comply with the minimum regulatory requirement during the phase-in. They also want to set a target level above the minimum requirement to ensure a cost/opportunity balance which gives a good ranking among leading competitors in addition to improving the efficiency of liquidity management. This balance, to be established in the Budget and Strategic Plan, needs to take into account the need for growth in terms of profitability of financial/banking activity as well as the need for high rankings in terms of liquidity between competitors.
So from this point of view, the liquidity ratio is a constraint to be managed. The following levers can be used to minimize the cost of efficient liquidity management.
The main lever for banks is the purchase of first level Assets -High quality liquid assets (HQLA) within their own country, and full allotment of liquidity by the ECB would be a good source of funding for this purpose.
In reality, this type of lever would not be completely effective for Italian banks at present, considering the yield of Italian government bonds and of the higher-rated countries. To compensate for low profitability, the banks find themselves in the position of having to differentiate between more useful Level 1 assets and Level 2 assets with yields that are currently low.
Other asset items that fall into the category of first-level assets, such as loans with Central Bank, are not sufficiently attractive, because the levels of yield are currently negative following the operations of ECB (TLTRO -Targeted Longer-Term Refinancing Operations and QE-Quantitative Easing). Money market rates, for this reason, will continue to be low over the medium period and therefore the Central Bank's loans cannot be a means to detain profitable cash reserves.
Considering that holding free reserves entails having liquid assets to invest for their purchase, it is necessary to act on the denominator of the LCR to raise stable and low-cost resources.
As for the levers applicable to the LCR denominator, we now analyze separately the items that generate inflows from those that generate outflows. Considering that the European Banking Authority (EBA) provides a cap on inflows equal to 75% of outflows, it is important to understand how these inflows can be obtained efficiently. Vol. 9, No. 6; 2017 This might intuitively seem that interbank loans are preferable to loans to Financial Institutions. In fact, for reasons linked to market rates and the need to create interest margins, banks have to know how to drive the loan portfolio by finding the right balance between Retail and Corporate loans and loans from financial institutions and banks.
As the pilotage of the maturity of cash inflows from financial institutions and banks play a positive role in the management of the LCR, it is necessary to manage to advance short-term and long-term loans in order to maintain a good balance between interbank lending and customers to create a positive impact on the interest margin.
Although the inter-bank, in fact, gives higher rates only in the medium -long term part of the curve, loans to corporate customers generate good margins even in the short term. For example, overdrafts can be broken down according to regulatory segmentation, thanks to the introduction of a clause whereby the bank can demand the immediate return of the sum, and they can benefit from a hypothetically greater inflow.
In the management of outflows things becomes more complex. The cash flows both at sight and at term are treated according to certain rules concerning the type of customer (retail, corporate, IF, bank) the kind of relationship (operational, non-operational), the stability of the relationship itself and the type of underlying contractual agreement.
As for the type of customer, one of the levers that can be used to minimize the impact of outflows on the LCR is to prioritize the collection on stable Retail customers pursuing trade policies that favour the products and services, and who can be classified in category B3 "retail stable".
To avoid putting a strain on the Income statement, there could be a grid of economic conditions of current accounts for holders of accounts that are associated with certain products compliant with the legislation so that the better a customer meets the stability requirements the more profitable for him or her to maintain customer relationship with the bank.
Regarding the products in the Short Term bracket, intended for customers, the introduction of a clause into contracts preventing early repayment without a 32 day notice makes possible the negotiation of products that otherwise would be "treated in stock" and means that deadlines fall in different months of the year, creating a positive impact on the LCR ratio.
Solutions need to embrace more than interbank and retail deposits. Because of the current crisis, sources deriving from corporate customers need to be taken into account and can still contribute to diversify funding, even though they are more expensive and less stable. This diversification, if well managed through early redemption clauses, can help fix deadlines minimizing the impact on LCR.
In the medium term, considering current rates, using market sources such as emissions of covered bond can be a useful economic lever to ensure the necessary liquidity to increase eligible resources for LCR.
Research Methodology
Sensitivity Analysis. Behavioral Adjustment Strategies Induced by LCR
This section evaluates the impact of certain strategies on liquidity indicators. Bankscope data was used to build the model. Firstly, the stylized liquidity-based balance sheet format was based on 150 European Bank sheets. In order to make more detailed subdivisions of the items, which are not present in traditional balance sheets, qualitative analysis was made. It is important to highlight that under the article 460 of the Capital Requirements Regulation (EU 575/2013) and according to the Delegated Act LCR(EU 2015/61; EU 2015/62; EU 2015/63) has been mandatory, on a consolidated basis, from October 2015 (i.e.: at 60%) and the minimum LCR requirement has to reach 100% by 1 January 2018.
In this work, calculated values of Liquidity Coverage Ratio (LCR) were calibrated more precisely from bank's inflows and outflows using the BASEL III Monitoring Exercise(EBA 2014). The financial sector was studied using European Banking information. The European Banking Authority (EBA) has been monitoring and assessing the impact of the regulatory measures aimed at strengthening the supervision and risk management of the banking sector on a sample of EU banks. Appendix 1 contains methodological details on the model and construction and calibration of the LCR items. Net Stable Funding Ratio was made according to the structure of the NSFR disclosure standards from the BIS consultative document (See Appendix 2; BCBS, 2014b).
Research Findings and Results
Strategy 1: Sell non-liquid assets, buy liquid assets (impact on HQLA and inflows)
ijef Vol. 9, No. 6; 2017 It is assumed that non-HQLA reallocates with Level 1 HQLA.
As Level 1 HQLA attracts a lower weight of required funding (5% RSF factor for Level 1 and between 65% and 85% for other assets with a maturity of more than 12 months, for instance), the total RSF is lower, enabling the NSFR requirement to be met. It is assumed that the other assets swapped attract an 85% RSF factor. The output is shown in Figure 1 . It is necessary to consider earnings and therefore capital implications if non-liquid assets are sold at a significant loss. On the capital side, because Level 1 HQLA attracts a lower risk weight than non-HQLA, the total amount of RWA decreases, lowering the capital ratio constraint. Leverage Ratio remains relatively constant, as the Leverage Ratio is not a risk-based measure, unless there is a significant loss on the asset disposal It should be noted that, by applying the above described strategy, the opportunity cost for reducing earnings by selling more profitable products will be offset in terms of risk and liquidity reduction, benefiting in capital ratio (capital / RWA) terms.
Strategy 2: Shortening maturities of assets
Reducing maturity of assets increases the amount of cash flowing in within any 30-day period. A banking institution shall assign a 100% inflow rate for loans to financial companies but only 50% for retail loans and non-financial wholesale loans. The result is shown in Figure- 
Strategy 3: Reducing committed lines (credit/liquidity)
This maneuver impacts on cash outflows. Figure 3 shows the main results.
Strategy 4: Lengthening short-term wholesale funding maturities
This strategy impacts on cash outflows and adjusts the deposit funding structure -converting interbank deposits due within one month to one year to exhaust that effect. Converting interbank deposits to term could have a significant cost. There is a limit on banks" ability to convert short-term deposits, as some are operational and need to be at sight. The output is shown in Figure 4 . Table 4 . Strategy 4
Strategy 5: Reducing short-term wholesale funding, increasing retail deposits (impact on cash outflows)
As retail deposits are given run-off rates of 3%, 5% or 10% respectively, under the current LCR definition, it is considered an inexpensive and stable way to get funding, as well as a preferential tool to improve the LCR. The result is shown in Figure 5 . Table 5 . Strategy 5
The increase in retail deposits might be used as an adjustment tool to help banks reach the required level of LCR. Nevertheless, there are some exogenous effects that must be taken into account, including the likeliness of retail deposit competition. This competition could lead to an under-optimal equilibrium where banks increase the average rate paid to retail customers for their deposits, without succeeding in attracting more deposits (neutralization effect).
Strategy 6: "Leveraging": Buying liquid assets, funded by issuing long-term wholesale debt
It"s implies an increase in long-term funding and the simultaneous increase in eligible asset holdings.
In this strategy, it is assumed that if banks cannot reach the level of 100% by lengthening the maturities on the liability side, they "would raise additional unsecured with two year maturity to increase the liquid asset bufferassuming the cash proceeds from the 2-year unsecured debt are reinvested in 2-year government bonds which would qualify as level-1 assets". The result is shown in Figure- 
Conclusion
This paper presents some of the challenges to liquidity risk management and evaluates the impact of managers" decisions on liquidity ratios. Banks can adjust liquidity ratios in various ways, depending on their business features.
If banks decide to increase the liquid portion of assets, risk weights diminish and consequently required capital is reduced (Strategy 1 -Sell non-liquid assets, buy liquid assets). Institutions can increase the required amount of liquid assets, which impacts on the risk-based capital ratio and also on the banks" leverage ratio (Strategy 6 -Leveraging). The LCR also incentivises banks to manage their funding in terms of maturity and counterparty.
Neither lengthening the term of liabilities, smoothing the maturity structure of liabilities or focusing on different counterparties, however, affects capital ratios at all.
It is also important to highlight that sovereign bonds and central bank reserves within the liquid assets have most impact on LCR. Most institutions which significantly improved LCR did so by increasing sovereign bonds and drawable central bank reserves. Once and if central banks tighten their liquidity policy and increase interest rates, banks would have to substitute central bank reserves or would otherwise incur higher opportunity costs.
To the best of our knowledge, at the time this article was written, there are no publications on the basis of which it is possible to determine the impact of EBA scenarios on Basel III liquidity measurement ratios by neither academicians nor practitioners. The main difficulty in carrying out this work, which also limits it, was the reconstruction and estimates of certain items that make up the regulatory ratios, and in particular the availability of the necessary data which is subject to implementation by the banks over the last few years.
As for future research, once legislation becomes fully operational, the integration of bank databases with new information will surely open up new horizons of the search, enriching the sensitivity analysis on management strategies on liquidity risk. 
Description of the model:
The study document by Basel Committee on Banking Supervision (EBA 2014) is of significant interest for the present work because it contains LCR outflows and inflows (post-factor) as a percentage of balance sheet liabilities. The document is the publication of the EBA"s Basel III monitoring exercise (EBA 2014) and summarizes the results at EU level. It assesses a total of 151 banks (participants), including 42 large internationally active banks ("Group 1 banks", defined as internationally active banks that have Tier 1 capital of more than €3 billion) and 109 Group 2 banks (i.e. representative of all other banks). Table 1 shows the structure of the outflows and inflows.
Since Basel III compliance is still in a development phase that requires time and higher costs in the form of technology processes, therefore investment and process reorganization, the main difficulty in studying the new Basel III Liquidity Ratios today is lack of detailed bank data. Not all banks provide data relating to all parts of the Basel III framework. 
Objective:
This step aimed at calibration of the liquidity balance sheet items in order to make them coherent to the EBA"s Basel III monitoring exercise, through finding the optimal way of splitting the available items to achieve our objective, i.e to improve the Liquidity coverage ratio. For this purpose it is important to maximize the inflows and minimize the outflows.
Therefore, several models were built. The first model consists of the following components:
• Decision variables: The decisions are represented using symbols such as X1, X2, X3,…..Xn. These variables represent amounts split from every available bank balance sheet component into separate sub-item with certain specific features. The Objective for the first model is to maximize the inflows. Maximize f(X1, X2, X3, X4, X5..) = expression in decision variables. Meanwhile the Objective for the second model is to minimize the outflows.
VARIABLES FOR OUTFLOWS MODELING
Inflows: Maximize f(X1, X2, X3, X4, X5) = a1%X1 + a2%X2 + a3%X3 + a4%X4 + a5%X5....etc.
where a1...aN are percentages that incorporate two components:
1) Split percentages of bank balance sheet items into a subitem with certain specific features in correspondence with regulatory requirements 2) Stress scenario % risk weight. The Committee has presented this scenario which combines firm-specific shock with a market shock that would result in the Basel III shock scenario. Cash outflows are subject to prescribed "run-off" rates while cash inflows are subject to prescribed "inflow factors".
• Constraints: inequalities or equations in decision variables.
The first group of constraints is based on Table 1 , which shows the structure of the main items of outflows and inflows from the EBA"s Basel III monitoring exercise (EBA 2014). In order to model implementation mathematically and find the optimal solution to optimization problems the Solver spreadsheet modeling was used. As for Inflows, the following breakdown has been used to split performing loans Further assumptions of the model:
Inflows
6% of Qualifying marketable securities from sovereigns is mobilized in other operations, its market value reaches 95% accounting value.
Appendix 2. Table 5 . Summary of off-balance sheet categories and associated RSF factors
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